The activities of several enzymes of the citric acid and poly-4e-hydroxybutyrate cycles were measured in Rhizobiumjapeoicwm 3IIB-143 bacteroids which had been isolated from soybean nodules by sucrose gradient centrifupaton. Duing the period of developing nitrogenase activity, the specfic activity of fumuase, hydroxybutyrate dehydrogenase, ,-ketothiohlse, and pyruvate dehydrogenase complex incesed whereas acetoacetate-succinyl-CoA transferase and isocitrate dehydrogenase decreased (2, 8, 9, 15, 17, 21, 25, 28, 29) .
relationship between nitrogease activity and poly-j-hydroxybutyrate accumulation has been reexamined.
The symbiotic nitrogen fixation process between leguminous plants and Rhizobium requires significant amounts of energy which is derived from the metabolism of photosynthetic carbon compounds transported to the root nodules. In bacteroids, although the pathway from glucose to organic acids remains in doubt, considerable evidence exists for functional citric acid and poly-jl-hydroxybutyrate cycles (2, 8, 9, 15, 17, 21, 25, 28, 29) .
The carbon metabolism of developing and senescing nodules and the metabolism of bacteroids have been reviewed recently (5, 19, 27) . Although enzyme activities representative of the Embden-Meyerhof and Entner-Doudorff pathways have been measured in rhizobia, it is not clear whether these activities would support nitrogen fixation (5) . The activity ofa key enzyme in the conversion of carbohydrates to organic acids, pyruvate dehydrogenase, has been reported in R. japonicum, only, in a preliminary study (1 1) .
The existence of a functional citric acid cycle in bacteroids of several rhizobia species has been established through the efforts of several laboratories. Stovall and Cole (25) demonstrated that the uptake of radiolabeled substrates was consistent with a functional citric acid cycle. IDH2 has been measured in extracts of ' bacteroids from pea (15) and lupine (21) nodules. MDH has been reported in bacteroid extracts from Phaseolus vulgaris (8) and Pisum sativum (15) nodules and FMR was detected in bacteroids from lupin nodules (21) .
PHB has been measured in many rhizobia species (7, 12, 14 and PVP (1 g nodules: 1/3 g PVP: 10 ml MEPS). The preparation was filtered through four layers of cheesecloth and centrifuged at 400g for 10 min at 5°C. The supernatant fraction was centrifuged at 8000g for 15 min at 5°C. The pellet was dispersed into MEPS buffer (2 ml/g original weight of nodules) and was layered onto a gradient consisting of 30% (10 ml), 40% (5 ml), and 57% (6 ml) (w/w) sucrose (10, 12, 28) . With the exception of MDH, enzyme activity appeared to be related to age during the period from 14 to 23 d after planting. The equations, as described by linear regression analysis of activity versus age, and their respective coefficients are listed in Table I . Each equation was generated from four or more data sets and, whenever multiple values for the specific activity at a given age were available, the mean of the activities was used. The SD was typically 8 to 16% of the mean activity, but ranged from 0.5 to 30%. Because the activity of MDH was (Fig. 3) .
Relationship between the Enzyme Activities. The behavior of the activity of one carbon metabolic enzyme to another can be compared by dispersion diagrams. As described above, each point would correspond to a pair of specific activities at a given age obtained from the regression equation and normalized to the maximum activity observed (Table I ). Three pattern types (Fig.   4) The isolation procedure using sucrose gradients successfully isolated the pellet of R. japonicum 311 B-143 from contaminating plant material. Neither of the two plant enzymes initially present in the 8000g supernatant fraction, NADH-dependent isocitrate dehydrogenase (20) and the malate dehydrogenase, could be detected in the final bacteroid extract obtained by this method. The plant and bacteroid MDHs were distinguished by differences in their migration rates on native gels, Qlo coefficients, and several other physical-chemical properties (unpublished data). The extract from the isolated bacteroid pellet contained the following activities: PDC, IDH, MDH, FMR, KT, HBD, and AST. With the exception of PDC, these enzymes had a broad pH optimum centered at pH 8.0. PDC displayed a narrow optimum at pH 7.2. The temporal expression and levels of the enzyme activities are described in Figures I and 2 . These values are apparent activities since desalted extracts were used in the assays. The breakpoint at 23 ± 2 d (Figs. 1 and 2 ), common to the increase in activities of all enzymes, PHB accumulation, and the decline of N2ase activity is not understood at present. The possibility that the decline of N2ase activity may be related to loss of cell viability is under current investigation. Preliminary experiments using anaerobically isolated bacteroids indicate that N2ase activity per A630, and per cent viability, expressed as colony forming units per A630, follow a pattern similar to N2ase, (data not presented). At this time no explanation is available for the apparent decline of IDH and AST. Since their decrease is concurrent with increases in other activities, regulation of these enzymes may be implicated.
Information on regulatory effectors in R.japonicum bacteroids is limited, but both PDC (3, 18) and KT (4) (28) . The pattern of HBD in this study was not dissimilar (Fig. 1) . In contrast, Kurz and La Rue (15) could not detect HBD activity in peas. The patterns ofKT and PDC in R. japonicum have not been described before; they were similar to that of HBD. The sigmoidal accumulation of PHB with plant age (Fig. 1 ) is similar to that previously reported (12, 28) .
The level of IDH in pea, as reported by Kurz investigation, extensive control or synchronization of the system was not feasible, so the observations described below exemplify types of relationships which may exist. For example, from this study, MDH, AST, and IDH had large positive yintercepts with respect to all the other activities and, therefore, imply full expression early in bacteroid development within the nodule. Next to appear would be PDC, followed by KT, and lastly FMR, HBD, N2ase, and PHB accumulation. This last group had negative intercepts with respect to the first five (MDH, AST, IDH, PDC, and KT) and intercepts near zero with respect to each other. The values of all slopes, except MDH, were not dissimilar, which may suggest a common dependence during the symbiosis and bacteroid development. Alternatively, the vertical (or horizontal) slope of MDH would suggest its nondependence. Since our system could not be rigorously controlled or synchronized, the interrelationships between the PHB metabolism and nitrogen fixation and the selected carbon metabolic enzymes may be fortuitous. Although the results presented in this paper are preliminary, they were a necessary prerequisite and suggest an approach for further investigation of the relationship between carbon and nitrogen metabolism in leguminous symbioses.
